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Optimisation of cooled 
InSb detectors
In work with 4 element photoconductive
InSb detectors, where the difference
between the detectors lies in their InSb chip
thickness, the challenge was to adjudge the
chip quality in the production line, as well as
to create a quality control method to remove
high resistance chips, based on the capacity
of the cooler. 
Generally photoconductive InSb detectors are
used as infrared fuse.The working temperature
of this kind of device is 195K generally so a suit-
able cooler should be used. However a photo-
conductive detector is a photo-resistor, whose
performance depends on its resistance.The crys-
tal resistance depends on macroscopic parame-
ters: thickness, sheet resistance, working temper-
ature, and microscopic parameters, such as: dif-
fusion length, mobility, mean free path and so
on.
The effect of microscopic parameters had been
studied before and every body can find these old
subjects in textbooks [1,2,3]. But in the production
line, the manufacture encounters macroscopic
parameters and must have a quality control
method to judge the quality of the product.They
measure the thickness and resistance of the chip,
the level of signal (response of detector to infrared
source, say, blackbody) and noise voltage (response
of the detector without infrared source) in the pro-
duction line before (or after) assembly on cooler,
and they must judge the quality of the chips.
On the other hand, each cooler has specific cool-
ing capacity and the main source of heat in this
kind of device is the chip.Therefore the chip
must have special resistance before its assembly
on cooler.The one question that is raised: is what
can the resistance be?
Here we try to answer this. Initially we made dif-
ferent 4-elements photoconductive InSb detec-
tors, with different thickness and a second meas-
ured signal voltage (Vs), noise voltage(Vn) resist-
ance of the chip, after mechanical and chemical
polishing (R1) and after assembly on cooler (R2).
After getting the data and data refining, we show
that a practical relation between uncooled resist-
ance (after polishing) and cooled resistance
(after chip assembly on cooler).
The quality control method is:“Draw the curve
of R2 in terms of R1. Use the flat region of this
curve ie reject the chips whose resistance are
placed outside the flat region.”
The theoretical detector design is explained first;
followed by the manufactured detectors parame-
ters. Finally, the practical relationship (formula)
between cooled and uncooled detectors is given
and the quality control method explained.
General design rules
A photoconductive device is a photo-resistor ie
its resistance changes with light. Resistance is a
function of resistivity, type and thickness of crys-
tal and working temperature as well as diffusion
length, mean free path and mobility.The effect of
microscopic parameters had been discussed in
many textbooks [1,2,3,7]. But on production
line, a manufacture must deal with the macro-
scopic parameters and sometimes measure them.
If we do not change resistivity, type, working
temperature and cooling capacity of coolers, we
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Figure 1: The geometry of chip, wide of each chip is 0.1mm, the length of each chip is
0.4mm and the thickness of each chip is at range: 15µm-30µm.
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can discover the effect of thickness on
the performance of a device.
Based on the Hudson’s rule[1]:“a good
rule of thumb is that no detector should
ever exceed a power dissipation of 0.1
wcm-2”
(1)
Where R is resistance;Ad is area of 
detector; Pmax is maximum power dissi-
pation, and ibias is bias current. So for a
specific area and bias condition, the
resistance can be found.
However, when the flux is incident on
the biased detector, its resistance
changes.This resistance variation causes
the current variation in the biased cir-
cuit.The heat dissipation of the detec-
tor, which is caused by current and
resistance variation, is equal to I2R.The
mass of the infrared chip is assumed as
M and its initial temperature is T1.The
cooler decreases the temperature of
chip to a final temperature T2. So the
heat dissipation by mass, M, is equal to
M C (T2 - T1), where C is the specific
heat coefficient of the chip.As a result,
the total heat dissipation of the infrared
chip is:
(2)
Where Q is total heat dissipation, I is cur-
rent; R is resistance of the chip; M is mass
of the chip; C is specific heat coefficient
of the chip, and (T2-T1) is the tempera-
ture difference. In this way a cooler can
be designed based on Q.
And if it is assumed that resistivity, work-
ing temperature and shape of detector
do not change, since:
(3)
(4)
Where ρ is resistivity; l is length; w is
wide; d is thickness of the chip; and ρ0 is
density of the chip, it can be seen that by
changing the thickness, d, different resis-
tors are obtained. [2].
However the responsivity of a photocon-
ductor is proportional to (∆R/R).Therefore
if different resistances are made, there will
be different detectors[2 & 3].
But since the chip must be put on the
cooler, two kinds of resistances are
encountered. First is uncooled resistance
(ie after polishing) and second is cooled
resistance (ie after chip assembly on the
cooler).This raises the question as to
what is the relation between these two
resistances to get the highest perform-
ance? The cooling capacity of the cooler
is specified and so the heat dissipation
of the chip is limited. But, after polish-
ing, before chip assembly on the cooler,
there is a different set of resistances,
which lie in their thickness.
M=ρ0* l* w* d
R=(ρl/w)* (1/d) 
Q=I2 R+M C (T2 -T1)
R =  Pmax Ad/i bias2
Photoconductive
detector
Ro=1/Go
Black body
RL
Io = V/ (RL+Ro) Preamplifier
Cc
V
I
Figure 2: Typical bias and amplifier circuit for photoconductive detector.
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Figure 3a: Uncooled resistance upon thickness. Figure 3b: Cooled resistance upon thickness.
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How can a qualified chip be recognised
from the unqualified one prior to the
assembly on the cooler? Here a quality
control method for the production line
must be introduced.
Preparing samples 
The <1,1,1>,ρ=1E15, p type InSb wafer
is used as substrate.After chemical and
mechanical polishing, different chips
with a range variation in thickness from
15µm-30µm could be found.The subse-
quent photolithography process made
the 4 element chips (Fig 1). Finally, each
chip was assembled on a suitable cooler
for doing the related tests.These are
extensively discussed [1,2,3,7].
Detector characteristics
measurement
The first step is to find the operating
point of a detector.When flux is 
incident on the biased detector, there is 
a change in its conductivity.The resulting
change in signal voltage across the load
resistor is:
(5)
of which,VB is bias voltage; Rd is detector
resistance; and Rl is load resistance.
This equation is an excellent way of
analysing the factors that lead to the
choice of bias voltage and load resistor.
But there are at least three considera-
tions : (1) the maximum power that 
the detector can dissipate; (2) the 
establishment of an impedance match 
to the preamplifier; (3) high frequency
considerations.
Attending to these factors, the set up is:
• Blackbody Temperature is 5000C.
• The distance between blackbody and
detector is 30cm.
•The bias voltage,VB, is 28 volts, which is
held constant during the test.
• The amplifier is current amplifier,
which at its output, gives Vs.
• The current of circuit, I0, is not constant.
• The load resistance, Rl, is 1 KΩ.
For each detector the test is done in two
cases: (1) the shutter of blackbody is
opened, and then,Vs is measured.This is
the signal voltage (Vs) (2) the shutter is
closed, and then,Vs is measured.This is
the signal of noise (Vn).The results are
shown in table 1.
Data extracting and
refining
After polishing each device, the lithogra-
phy process is done and the 4-elements
chip made and the resistance of the chip
is measured by voltmeter and called R1.
The chip is then assembled on a suitable
cooler and measured for the voltage of
signal (Vs), voltage of noise (Vn) and
resistance where the detectors are
placed in front of blackbody.This resist-
ance is called R2.A black body with tem-
perature 5000C is used as the infrared
source as explained earlier.After getting
the data, the table is prepared ( 1).
Vs=VBR dR l/(Rd+Rl)
2 * ∆R d/Rd
R1 (W) R2 (W) Vs (V) Vn (mV) Vs/Vn Thickness of 
chip, µm
93.7 620 0.22 20.0 11 30
98 700 1.2 12 100 30
101 760 2.0 12 166 28
102 740 0.66 5.2 127 28
104 750 0.98 6.6 148 27
104 790 1.10 6.8 162 27
105 780 1.85 7.5 247 27
105 790 1.85 7.5 247 27
106 780 0.70 130 5.38 27
110 860 2.0 8.0 250 25
110 820 1.25 7.2 174 25
112 830 1.35 6.5 208 25
116 880 1.95 7.6 256 23
120 900 0.29 7.0 41.4 21
122 880 0.65 9.8 66.3 20
124 880 0.80 8.2 97.5 20
125 940 1.5 7 214 20
130 972 0.15 6.4 23.4 19
132 940 1.95 8.5 229 18
133 990 1.30 7.0 186 18
140 980 2.15 10.5 205 16
146 1130 2.15 10.0 215 17
150 1300 0.64 17.0 37.6 15
Table 1: The measured values of  R1, R2, Vs , Vn , Vs/Vn and thickness of chip.
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Figure 4: Cooled resistance upon uncooled resistance
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Result and discussion
The chip is a p type semiconductor,
therefore its electrical conductivity can
be written as:
(6)
in which, e is the charge of electron; p is
carrier concentration and µp is mobility.
The dependence of the electrical con-
ductivity upon temperature for n-type
and p-type samples, has been found by
Hilsum and Rose [3].They show σ is
equal to 5E2 (Ω-1CM-1) approximately for
different values of concentration at room
temperature.
Also they show that the dependence of
the hole mobility at room temperature
upon purity in p-type InSb[3] and when
concentration is at range 1E14 CM-3 to
1E15 CM-3, the mobility is approximately
constant and is equal 750 CM2/V SEC.
It can be concluded then, that at room
temperature the resistance of chip will
be a function of its thickness, if its length
and wide are constant.
After polishing and measuring the resist-
ance, it was seen that the resistance of
chip (R1) increased with decreasing the
thickness, an obvious result based on the
cited work.
After assembly of the chip on cooler, the
resistance of chip (R2) was measured.The
working temperature of the detector is
195K. Based on the work of Hilsum and
Rose [3], at this temperature σ is very
much lower than room temperature. It can
be concluded that,the cooled resistance
(R2) is much higher than uncooled resist-
ance (R1). But when the temperature is
fixed at specific value, say 300K or 195K,
resistance must be a function of thickness.
In drawing R1 and R2 upon thickness (see
figure 3a & 3b) it is shown that the behav-
ior of R1 differs from R2, although from a
theoretical point of view (in the equation
(3)) the behavior would be the same.
(7)
where w is wide; l is length, and d is the
thickness of detector. In the other words,
if figure3-a is compared with figure 3-b, it
can be concluded that the R1 growths
with 1/d is smoothly (linear) but the
growth of R2 is not. It can be concluded
that, thickness dependence for uncooled
detectors differs from cooled ones.
Drawing the curve of cooled resistance
upon uncooled resistance, the resulting
data shows that R2 increases with incre-
ments of R1, but this dependency is not
linear and it can be written as (see Fig. 4):
(8)
This equation is raised by applying a
curve fitting method to experimental
data.
The figure (4) at some interval of R1, R2
behaves as as linear (approximately flat)
function of R1. Also if the figure 3-b is
compared with figure 4, it can be con-
cluded that,the dependence of R2 upon
thickness is similar to the dependence of
R2 upon R1.
Also in that flat interval of figure 4, as
table 1 shows, the behavior of Vs and Vn
are acceptable ie if R1 be at range
100Ω-130Ω (or R2 be at range 700Ω-
950Ω) the value of noise voltage will be
smaller than other range of R1(or R2),
and as figure 5 shows, a higher respon-
sivity (Vs/Vn) is obtained when the
cooled resistance is placed at range
800Ω-900Ω ie when R2 is a flat 
function of R1.
As a general result, the thickness of the
chip must be reduced up to a critical
value.Above this critical value the signal
voltage is not high (because of the
recombination process of the carriers).
Lower than this critical value, the noise
voltage is high because the resistance of
the chip (specially R2) is high and the
cooler has not sufficient capacity to cool
the chip.Also the behavior of R2 is not
linear in terms of R1 ie although the
thickness has decreased very little, so the
resistance grows rapidly (nonlinear) and
the cooling capacity of the cooler is not
enough to cool the chip.
Therefore during design and manufac-
ture of the photoconductive InSb, the
resistance of the chip, after polishing,
must be at an interval, so that the cooled
resistance is a linear ( approximately flat)
function of uncooled resistance for high
performance. Since the dependence of
R2 upon thickness is similar to its
dependence upon R1 the quality control
method demanded is:“Draw the curve of
R2 in terms of R1. Use the flat region of
this curve ie Reject the chips whose
resistance are placed outside the flat
region.”
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Figure 5: Vs/Vn upon cooled resistance
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